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Comets arc the best link wc have to the composition of the primitive solar nebula, ‘1’hcy

have mmainccl  relatively unaltc.rcd  since their formation in the outer, colder parts of the

solar nchla.

IN SI’J’LJ SAh41)l  .lNG

Wc have in situ sampling of the. clust compositio]~  of only onc comet,  from the impac,t

ionization time-of-flight mass spcdromctcx  on the ] ]a]]cy probes (Kissel ct a] 1986). “1’hc.

composition of the major rock-forming c.lcments is chonclritic within a factor of two, but the

cmmct clust is cnrichd  in the c.lcmcnts 1 J, C.,N, O compamcl to carbonaceous chonclrites,

implying that the clust is more volatile- rich and mole “primitive” (Jcssbcrger ct al 1988).

Within the so-called Cl ION partic]cs,  there is a wide. spread  in the abundance. ratios, a

rcsu]t  that is not consistent with the proposa]  that there is a rcflactory  organic component

consisting mainly of ~~olyoxy]llctllc.lc.lle.s. Among  silicate. particles, the. l~e/(I~c+  Mg) ratio

ranges  from O to 1, w i t h  h4g-ricJ) silic.atc.s  ]>Jc.(lol~liI~atillg.  ‘1’l]c w ide .  clistributioll  o f

1 Jc/(l~c+- h4g) dots not agree with the. narrow range me.asurcd in carbonaceous chondrit  m,

but cloes rcscmb]c anhydrous  ll)l)s (1 ,awlc.r  cl al 1989).
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Infrared  spcc.fIoscopy  is the best  means of muddy studying the composition of cometary

solids. ‘Jlc spectra can hdp to estab]ish  ]inks to intemte]lar  grains and 10 ic~cntify  classes

of interplanetary dust particles likely to originate from comets. I’ransifions  within various

organic molecules proclucc  features in the 3 pm region, Whi]C thC 10 ~LIll Sl)CCh’d lC~iOIl

contains information about the mincra]  content of the grains.

A. Spectral l~eatures  from Organic h401cculcs

A broad emission fcatuxc at 3.36 pm was discovcrccl  in Comet Hal]cy  (Iiig. 1). (~ombes

ct al 1986; Wickramasinghc  & Allen 1986; Knackc  et al 1986; ljaas et al 1986;  ]Ianks et al

1987). It has subscqucnl]y  been clctec.tccl  in ewry bright  come! observe.d in the, 3 Itm rc~ion

(Allen & Wickramasinghc  J987; lhookc et al 1989, 1990, 1991; l)avie.s et al 1991; G] ccn

cl al 1991). ‘1’he feature  is generally assigned to a C-1 I stretch vibration, but if is not obvious

from the, shape of the feature. whether it originates in lhc sas or in small grains+ ‘1’hc

dctailccl structure varies among comets, with secondary peaks at 3.28 pm, 3.41 pm, and 3.52

pm having  differing strengths rc]ativc  to the main 3.36 ~~m peak;  the 3.28 pm peak is

particularly visible in the long period comet 1 my 1990 XX (]>avics  et al 1991). ‘1’hc 3.28

ILnl peak rcscmb]cs one of the set of unidcnt  ificd in frarc.cl  bands  sc.c.n in 11 11 regions,

planetary nebulae,  and a fcw young  stellar objects, but lhcrc is no analogous 3.36 }Llll
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cmissioll  fcatllrc in any as~ronomical SOUMX ~J’okunaga and Brookc  1990).

llccausc  the feature is seen ill I)oth  ncw m(l cvolvcc~ comcls,  it cm not l~c the resul t  of

cosmic ray irradiation of ices in the oulcr fcw meters of Oort Cloud comets. Brookc  ct al

(1991) clcmonstratccl that the strength of Ihc  3.36 pm band emission correlates better with

the gas production rate than with the dust continuum, implying a gas phase carrier. q’hce

3.52 pm feature is consistent with the V3 band of methanol (Cl 13013)  (J-loban ct al 1991),

IIut mcthano]  also has bands  at 3.3 -3.4 pm. l{cutcr (1991) has computed the contribution

of methanol to the main 3.36 pm feature. l>cpc.ndil]g on how one. nomalizcs  the 3.S2, p m

feature, the accompanying  contribution to the 3.36 pm feature ranges from 10 - 50 %.

‘J’bus, the spectral shape ancl the heliocentric clistancc  clcpcnclcncc  of the residual

“uniclcntificdt’  3.36 pm feature may be somewhat diffcre.nt from the total obscrvd  flux and

wc arc back to the c]ucstion  whether the carrier is in the gas or solici phase.

13. Silicates

A broad emiss ion fea ture  near  10  pm is obsc.rvccl  in intcrmcc]iatc band]) ass f i l te r

pl~oton~c.try of nlost  clynamic.a]ly  ncw and long-pe.rio(l comets (Ncy 1982, Gc.}l H, & Nc.y

1992).  ‘J’hc strength of the feature is c]uitc variab]c,  being strongest ill “dust rich” comets

with strong sc.attcrcd light continuum. ‘J’hc. 10 pm c.missiol) fcalurc.  is most likely CIUC to the.

Si-O stretching mode vibration il~ small silicate partic]cs. 1 ile.mental abundances indicative
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. . O f  silicat~s  w e r e  ~ollll~lo~~  ill parti~]cs  dctc~tcd  ~Jy ~l~c ~ust mass q)c~trol~lctcr  CIUIiIIg the

] ]a]]cy flybys and silicate grains arc a major component of intcrp]anctaly  dust particles. ‘1’]Ic

spectral matcllcs  With 1111’s and other silicate sample.s arc. reasonable.

Spectra at 8-13 pm with high signalhoisc  now exist for eight comets. lrour arc clynamical]y

nc.w ccmcts,  that is,

]ong-pe.riocl  comets,

thought to be coming in from Ihc oort cloud for the first time, two arc

and two  (1 Iallcy and 13rorscn-Metcalf) have periods -70 years. cl’hcsc

8 spectra will be analyzed in more detail  in I lanncr,  1,ynch & Russell 1993,)

‘1’hc spectrum of Comet 1 lallcy is shown in IJigurc 2, from Campins  & Ryan (1989). ‘J’here

is a broad maximum at 9.8 pnl and a narrower peak at 11.25 pm. A J lallcy  spectrum by

IIrcgman  et al (1987) showed  similar structure. ‘1’hc 11.25 ~m peak agrees with that seen

in olivinc  11>1’s (Sanclforcl  & Walker 1985), as il]ustratccl in IJigurc 2, ancl crystalline o]ivinc

is the probab]c  soNrcc of the cometary peak, C)thcr possible explanations for the peak at

] ] .25 pnl,  such as SiC or an organic, component can bc. JUICC1 from the wiclth of the peak,

abundance arguments, or for lack of corrc.sponcling feature.s, such as the 7,7 ancl  8.6 pm

features prcsc.nl  when an 11.3 pm feature is associated with the sc.t of uniclcntificc]

illlc.rstcl]ar  emission bancls. ‘J’wo long pcriocl comets, 13raclficlcl  1987 XXIX ancl I my 1990

XX have similar cloublc-peakccl  spectra (I ,ynch ct al 1989; 1 lanncr ct al 1990; 1,yncl] c.t al

1992). 1.c.\y’s spc.ctrum is shown in l~igure  3.

Koikc ct al (1993) have obtainc.cl  infrarccl transmission spc.ctra  of o]ivi]lc  saml)]cs wit])
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cliffcring Mg/Fc  abundance. ‘1’hcy find that the peak lies at J 1.3 pm for Mg/(Mg-i IJC) = 0.9

ancl shifts toward  11.5 pm as the Mg abundance dccrcases. ‘1’hc 11.25 pm position in the

comets implies a high Mg/Fc ahndancc,  a conch sicm consistent with th c clu st an alyscs from

the 1 lallcy  probes (Jessbcrgcr ct al 1988; Ixiwlcr  et al 1989).

1 lowcvcr,  another component must give rise 10 the broad maximum near 9.8 pm. ‘1’here arc

three main possibilities (1 lanncr  ct al 1990).

1. Mix of c!ystallinc  minc]als:  The ll)l]s  examined by Sanclford  & Walker (1985) can be

classified by their J O pm transmission spectra as olivincs,  pyroxcncsj  OJ hyclratccl  silicates.

IIregman et al (1987) were ab]c  to fit their 1 Iallc.y  spectrum with a mix of these  three grain

types. “1’his  approach has the advantage of relating the comet clust clircct]y to 11>1%.

1 lowcvcr,  not all of these grain types necessarily originate from comets, as cliscussecl  further

at this Workshop.

2. Glassy silicates: Interstellar silicate. gra ns arc thought to be amorphous hc.cause of their

broacl, struclurc]c.ss  10 \Lm feature. l~rcml  the emission spectra measurccl  by Stcphclls  &

I{ USSCI1  (1 979), amorphous olivinc  can cxplaill the 9.8 \Lm cometary ]~c.ak, while a mixture

of amorpl]ous olivinc ancl amorphous cnstatitc  can account for the rise bctwc.c.n 8 ancl  9 pm.

‘l-his explanation is attractive bccausc  it requires the lc.ast alteration of intcrstcl]ar  silicates

before the.ir incorporation into comets. Ilracl]cy cl al (199’2) have now idc.ntificcl a

Com])ollcnt of glassy silic.atc  particles among  lhc chonclritic  11>1’s. ‘1’hc.ir  spectrum of a I]lin
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section  of a glass-rich I 1>1’ rcscmb]cs the comet spcclra.

3. I lydratcd  silicates: ‘J’ypc 11 carbcmace.ous  chcmclritcs  have abouf  equal  proportions of

hyclratcd  silicates and olivine. ‘1’heir spectra actually look rather similar to the comet

spectra (Zaikowski,  Knackc,  & l’orco  1975). Nelson, Nuth,  and Dorm (1987) suggested that

amorphous silicate grains  on the surface of a comet nucleus coulcl absorb onc or Jnorc

mono ]aycrs of water molcculcs from the outflowing gas ancl could bc convcrtccl  to hyclratcd

silicates if exposed to tcmpcraturcs  of 300 K or above for a fcw weeks. Yet, the silicate

feature was strongest in 1 lallcy  at times of strong jc.t activity when the silicate clust appeared

to bc emanating from deep vents in the nucleus, rather than the surface. Moreover, the.

Mg/l~c/Si distribution in carbonaceous chonclritcs dots not rcscmb]c  the 1 lalley dust (1 ,awlcr

ct al 1989).

Of the 4 new comets for which good quality spectra arc available, c.ac.h  has a unique

s])c.ctrum that differs from that sc,c.n in Comets 1 lallc.y,  IIradficldj  and 1,cvy, Kohoutck

(Mcrri]l 1974)  has a strong emission fc.aturc  similar to that in 1 lallcy, cxccpt  that the 11.3

Wm peak is lacking. Wilson, 1987 VII (1 ,ynch cl al 1 989) showed a broadc]  cmissiol)

feature with an unidc.ntificd  peak at 12.2 pm. Oka~.aki-l ,c.vy-l{udcl~ko  1989 XIX (I<ussc]l

& 1.ynch  1990) had a weak feature with a maximum bc.twc.cn 10.5 -11,5 ~Lm, while Austin

1990 V (1 Jannc.r ct al 1993)  showed a wc.ak feature with a possib]c small pc.ak at 11.1 pn]

(]iigul”c  4). Comets ~] ,~< and Austin  were both d~lst-poor comets, based on the strc.ngt]l

of their scattcrccl  and thermal continuum radiation; that is, the total dust cross-sc.ctiol] was
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low, but not necessarily the total clust mass, if the dust  is conccn!ratcd  in larger particles.

l’/llrorsen-Metca1f  showed the clangcr of generaliy.in~. With a 70,6 year period and

perihelion at 0.48 AU, l’/llrorscn-Metcalf  has an orbit similar to that of P/Ilallcy  and one

might have cxpecte.cl  their spectra to bc similar. Yet, l}rorscn-Metcalf showed no emission

feature at all in six clays of observing (1 .ynch et al ]992).

Clcar]y,  then, there is not a single  kind of “cometary” silicate dust. our samp]c. of comets

is too mall to generali7.e about the charactc.ristics  of ncw versus CVOIVCCI comets. Spectra

of onc or more “dusty” ncw comets will bc NC CCICC1  before we can conc]uclc whether small

clystallinc olivine  grains are c.ver present in ncw comets,

‘J’his research was carric.cl out  at the Jet Propulsion 1.aboratoly,  California ]nstitute. of

?’c.chno]ogy,  unclcr contract with NASA,
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l~ig.  3. 8-]3 ~Lm spectrum of [;omct ] my 1990 XX at r= 1.S6 AU pcrihc.lion  (I ,yJ~c]~ ct a]
1992). ‘1’hc tofal  flux has bcm diviclccl by 270 K blackbody continuum.
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l~ip,. 4. 8-13 pm spc.ctrum  of Comet  Austin 1990 V at 1=-0.78 AIJ (1 lanne.r  c.t al 1993). ‘J’hc
observed flux has been divided by 300 K blackbcxly continuum.


